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Abstract
Objectives: Knowledge and evaluation of the maxillary sinus anatomy before sinus augmentation are
essential for avoiding surgical complications. Posterior superior alveolar artery (PSAA) is the branch of
maxillary artery that supplies lateral sinus wall and overlying membrane. The aims of this study were to
examine the prevalence, diameter, and location of the PSAA and its relationship to the alveolar ridge and
to study the prevalence of the sinus pathology and septum using computerized tomography (CT) scans.
Materials and methods: One hundred and twenty-one CT scans (242 sinuses) from patients undergoing
sinus augmentation procedure and/or implant therapy were included. Lower border of the artery to the
alveolar crest, bone height below the sinus floor to the ridge crest, distance of the artery to the medial
sinus wall, diameter of the artery, and position of the artery were measured; presence of septa and
pathology were recorded from CT sections.
Results: Prevalence of sinus septa and sinus pathology was 16.1% and 24.8%, respectively. Artery was
seen in 64.5% of all sinuses and was mostly intraosseous (68.2%). Mean diameter of PSAA was found
1.3  0.5mm. No significant correlation between the diameter of the artery and age was observed.
Conclusions: The results from this study suggested that CT scan is a valuable tool in evaluating presence
of sinus pathology, septa, and arteries before maxillary sinus surgery. Although variations exist in every
patient, the findings from this study suggest limiting the superior border of the lateral window up to
18mm from the ridge to avoid any potential vascular damage.
Sufficient bone quantity and quality are essential
for proper dental implant placement. This is
especially the case in the posterior maxilla where
resorption of alveolar bone and pneumatization of
maxillary sinus cavity often compromises dental
implant therapy. Sinus augmentation has evolved
into a predictable surgical modality for increasing
the vertical height that is needed for the success-
ful placement of dental implants (Jensen et al.
1998; Tong et al. 1998). Understanding of regio-
nal nutritive arteries can allow clinicians to pre-
vent local bone necrosis but also optimize
regional healing via proper vascularization of the
graft materials (Traxler et al. 1999). The blood
supply of the maxillary sinus and Schneiderian
membrane comes from the maxillary artery.
Posterior superior alveolar artery (PSAA) and
infraorbital artery (IOA) are the branches of max-
illary artery that supplies lateral sinus wall and
overlying membrane. Both arteries give extra
osseous and intraosseous branches and these
branches form anastomosis. PSAA runs caudally
on the outside of the convexity of the maxillary
tuberosity and is in close contact with bone and
periosteum (Solar et al. 1999; Traxler et al. 1999).
The courses of the intraosseous branch of PSAA
on the buccal wall of the sinus were classified
into two categories: the straight (S) type (78.1%)
and the U shaped (21.9%) (Hur et al. 2009).
Maximum diameters of the PSAA and IOA
may reach to 2 and 2.7 mm (Solar et al. 1999).
The larger the size, the greater the risk of bleeding
severity. These vessels should be taken into
consideration during sinus augmentation because
of the potential risk of bleeding during the proce-
dure (Ella et al. 2008). The sinus augmentation
procedure, first published by Boyne & James
(1980), was then modified to include both crestal
and lateral window techniques (Tatum 1986).
Membrane perforations and bleeding are proce-
dure-related complications, seen in lateral wall
sinus approach (Regev et al. 1995). Therefore, the
anatomy of the area should be carefully examined
before surgical interventions.
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Computerized tomography (CT) is a digital
imaging technique that enables differentiation
and quantification of soft and hard tissues. Ar-
teries and other anatomical structures can be
examined in CT images. Septa can make the
complete preservation of the sinus membrane
more difficult as they can hamper the preparation
and elevation of the bony window (Shibli et al.
2007). Prevalence of sinus septa ranges between
16% and 27% (Krennmair et al. 1997; Krenn-
mair et al. 1999; Shibli et al. 2007; Gosau et al.
2009). CT can also be used to evaluate bone
dimension, recognize specific anatomical land-
marks, and to detect sinus pathologies. Hence,
the aim of this study was to examine the pre-
valence, diameter, and location of the PSAA and
its relationship to the alveolar ridge and to study
the prevalence of the sinus pathology and septum
using CT scans.
Materials and methods
Evaluation of CT scans
One hundred and twenty-one CT (Siemens AR-SP
40, Siemens, Munich, Germany) scans (242
sinuses) from patients undergoing sinus augmenta-
tion procedure and/or implant therapy at the De-
partment of Periodontology, Hacettepe University,
were included in this clinical study. Seventy-two
patients were female and 49 were male patients.
Mean age was 48.73 11.86 years. Only high-
quality computerized images, axial sections with
1mm intervals, were included in the study; ex-
cluded were images of low quality such as scattering
and inferior level of window exposure. Scans were
read by one calibrated investigator with a digital
caliper (Mardinger et al. 2007). Intraexaminer var-
iance was measured during the study on CT scans
by having 100 scans read twice by the reviewer. The
two readings were separated by at least 1 month,
and the 100 CT scans were selected randomly.
Three sections, one axial section where the
artery was first seen, the last section seen and one
between these 2 sections, were evaluated for the
below parameters.
1. Lower border of the artery to the alveolar
crest: the vertical line from the artery to the
crest (Elian et al. 2005).
2. Height of the bone below the sinus floor to
the ridge crest.
3. Distance of the artery to the medial sinus
wall (Mardinger et al. 2007).
4. Diameter of the artery: diameter was divided
into three categories: (a) diameter o1 mm,
(b) diameter 1–2 mm, and (c) diameter
 2 mm (Mardinger et al. 2007).
5. Position of the artery [intraosseous (Fig. 1),
below the membrane (Fig. 2), on the outer
cortex of the lateral sinus wall (Fig. 3)].
Maxillary pathology and presence of sinus
septa (Fig. 4) were recorded for each sinus. The
diameter of the canal was also analyzed with
regard to age, gender and location (right or left).
Statistical analysis
Graph Pad Instat 3.00 for windows (Graph
Pad Software Inc., San Diego, CA, USA) was
used for all statistical analysis. Mean values
were recorded for each parameter and standard
deviations were calculated. Pearson correlat-
ion rank was used for correlations between
diameter of the canal and age. Unpaired t test
was also used to determine the difference
between men and women. Intraobserver agree-
ment was calculated using intraclass correlation
coefficients (ICCs).
Fig. 1. Transversal view of the computerized tomography scan of a sinus with an image of the artery is inside the bone
(intraosseous).
Fig. 2. Transversal view of the computerized tomography scan of a sinus with an image of the artery stays below the
Schneiderian membrane.
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Results
The ICC was 0.81. Totally, 315 axial sections
were examined. Prevalence of sinus septa and
sinus pathology (including membrane thicken-
ing, chronic sinusitis, cysts) was 16.1% and
24.8%, respectively. Artery was visualized in
64.5% of all sinuses and was mostly intraosseous
(68.2%), 26% was below the Schneiderian mem-
brane and only 5.7% was detected on the outer
cortex of the lateral sinus wall. Mean diameter of
PSAA was found to be 1.3  0.5 mm. For right
and left sinuses, these values were recorded to be
1.3  0.5 and 1.2  0.5 mm, respectively.
Lower border of the artery to the alveolar crest
was 18  4.9 mm and this was 18.1  4.9 mm
for right sinus and 18  4.9 mm for left one
(Table 1). Distance of the artery to the medial
sinus wall was 11  3.8 mm. When diameters of
the arteries were classified, 36.1% of the artery
was 1 mm; 51.4% was 1–2 mm, and 12.3%
was  2 mm. There was no statistically signif-
icant difference detected between the age of men
and women (P¼0.098). The mean diameter of
the artery was 1.4  0.4 mm in men and
1.2 0.4 mm in women (Po0.0001) and the
difference was also significant in both right
(P¼0.017) and left sites (P¼0.0002). The artery
was detected in 29.6% of men and 61.3% women.
No significant correlation between the diameter
of the artery and age was observed in both right
and left sites (r¼0.05, P¼0.639 for right site;
r¼0.035, P¼0.75 for left site).
Discussion
Placement of endosseous implants in the atrophic
posterior maxilla has become a common proce-
dure in recent years as a result of improved
biologic understanding of healing and the avail-
ability of bone grafting materials to augment the
maxillary sinus (Regev et al. 1995). During this
procedure, care should be taken on anatomic
structure of the area.
Results from this study showed that sinus
septa were present in 16.1% of the 242 sinuses
examined. Literature has reported similar ranges,
16% (Krennmair et al. 1997), 26.5% (Kim et al.
2006) when CT was used to assess 200 sinuses.
However, a recent published cone beam CTstudy
reported much higher prevalence (33.2% in 1029
sinuses) (Neugebauer et al. 2010). This is because
the method they used to detect and describe the
septa. Nonetheless, in anatomic specimens, Go-
sau et al. (2009) found 27% and Krennmair et al.
(1999) found 18.3% prevalence of septum, which
is close to current study observation.
In the present study, it was possible to identify
the presence and location of vessels with CT scans.
Artery was visualized in 64.5% of the examined
242 sinuses. The results correlate well with pre-
vious publications (Elian et al. 2005; Mardinger et
al. 2007). Elian et al. (2005) and Mardinger et al.
(2007) reported the prevalence of 52.9% and 55%,
respectively. Whereas Elian et al. (2005) only
examined the intraosseous branch of the artery
on the outer or inner wall if it was detectable. This
may explain the higher incidence in our study.
However, an endosseous anastomosis of PSAA and
IOA was found in 100% of cadaveric specimens
examined (Solar et al. 1999; Traxler et al. 1999;
Rosano et al. 2009). This suggests that an unde-
tected intrabony canal in a CT scan does not
exclude its existence but merely implies that it
may not be visible due to small diameter (Mardin-
ger et al. 2007).
The artery was detected at a mean distance of
18  4.9 mm from the alveolar ridge. In ana-
tomic studies, this distance was 18.9–19.6 mm
(Solar et al. 1999; Traxler et al. 1999). Present
results were slightly lower but in good agreement
with other anatomic studies (Solar et al. 1999;
Traxler et al. 1999). In addition, the number of
anatomic specimens used in other studies was
much lower than the present study (18 vs. 242)
(Solar et al. 1999; Traxler et al. 1999). Distances
ranged between 2.8 and 31.7 mm in the present
study. This wide range could be explained by the
difference of vertical alveolar ridge dimensions
and anatomic variation in the arteries position.
Fig. 3. Transversal view of the computerized tomography scan of a sinus with an image of the artery is on the outer cortex of
the lateral sinus wall.
Fig. 4. The existence of maxillary pathology in the right sinus. Both left and right sinus regions represent sinus septa.
Table 1. Average diameter of posterior superior
alveolar artery and the distance between lower
border of the artery to the alveolar crest in right
and left sites




Left (mm) 18  4.9 1.2  0.5
2.8–31.7 0.2–3.2
18.2 1.2
Right (mm) 18.1  4.9 1.3  0.5
6.3–31.7 0.4–3.5
17.9 1.2
Total (mm) 18  4.9 1.3  0.5
2.8–31.7 0.2–3.5
18.1 1.2
D, lower border of the artery to the alveolar crest.
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Moreover, mean vertical ridge dimensions were
10.2  4.8 mm in the present study. Thus, it
could be calculated that the mean distance of the
alveolar artery to the antral floor was
7.8  0.3 mm. Therefore, it is recommended to
be careful in atrophied ridges because superior
osteotomy line is placed more caudal than nor-
mal position. This finding is consistent with that
of Mardinger et al. (2007) as they also found a
distance of 7–8 mm from the alveolar artery to
the antral floor when the ridge height was either
5–10 mm or under 5 mm.
Finding from this study reported a mean vessel
diameter of 1.3 mm. The observation is in agree-
ment with Ella et al. (2008), who found that the
mean diameter of the vessels was 1.2 mm overall.
In anatomic studies, diameters of the PSAA and
IOA were also investigated (Solar et al. 1999;
Traxler et al. 1999). Mean diameters were
1.6 mm at their origin, ranging from 1.2 to
2.7 mm (Solar et al. 1999; Traxler et al. 1999).
However, anatomic study measurements were
done at the exit from the maxillary artery. When
we calculated a mean value for each sinus from
the examined sections, only 4.9% of the sinuses
have vessels  2 mm. Similarly, Mardinger
et al. (2007) reported 6.7% of sinuses having
vessels  2 mm. This may explain why there
is a very low incidence of intense bleeding during
sinus augmentation procedure. However, during
sinus lift procedure, it is possible to sever a blood
vessel that runs along the membrane or cut an
intraosseous artery in the lateral wall of the sinus,
in these circumstances excessive bleeding may
occur (Greenstein et al. 2008).
Although mean patient age was not statisti-
cally different in men and women, male patients
had larger vessels in this study. Mean diameter of
female arteries was 1.1  0.3 mm and in male
patients, it was 1.4  0.4 mm (Po0.0001). Mar-
dinger et al. (2007) could not find a difference
between men and women in the diameter of the
canal. Furthermore, in the present study, dia-
meter of the artery did not change according to
age. Mardinger et al. (2007) found a relationship
but the diameter was wider in older patients.
Preoperative imaging is highly clinically rele-
vant for the evaluation of the presence of septa,
localization of PSAA and existence of pathologies
in maxillary sinus and these data may be used to
alter the surgical approach to achieve a successful
dental implant treatment.
Conclusions
The results from this study suggested that CT
scan is a valuable tool in evaluating presence of
sinus pathology, septa and arteries before max-
illary sinus surgery. Although variations exist in
every patient, the findings from this study sug-
gest limiting the superior border of the lateral
window up to 18 mm from the ridge to avoid any
potential vascular damage.
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